the same conditions of output and distance, it takes about 50 to 55 minutes to give a lethal dose to Jensen's rat sarcoma. The effect of these doses (20, 30 and 45 minutes) on the skin varies from partial epilation to slight blistering. THE term " radon 'seed' " is used for describing a small glass tube, 3 to 4 mm. long, filled with radium emanation. The external diameter is about 0 * 5 mm., and the internal 0 3 mm.; the glass is so thin that besides letting through all the gamma rays, it lets through a large proportion of the beta rays as well.
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The Action of Radon " Seeds " on Tumour and Liver Cells of the Rat. By S. Russ, D.Sc., and G. M. SCOTT.' (Cancer Research Laboratories, the Middlesex Hospital.) (ABSTRACT.) THE term " radon 'seed' " is used for describing a small glass tube, 3 to 4 mm. long, filled with radium emanation. The external diameter is about 0 * 5 mm., and the internal 0 3 mm.; the glass is so thin that besides letting through all the gamma rays, it lets through a large proportion of the beta rays as well.
Failla has published data on the distribution of radiation from seeds, and Cutler has shown their effect on the muscles of the rabbit.
For the experiments described in this paper, Jensen's rat sarcoma and normal rat liver have been used. Liver was found to be easy to deal with and more satisfactory than spleen.
The seeds were inserted-vertically into the surface of the liver, leaving the top point just visible. They were left in for various times, and sections of the liver were taken, either when the seed was taken out or some days later.
The same technique was used when dealing with the Jensen's rat sarcoma, but owing to the growth of the tumour, there was often difficulty in finding the seeds. In some cases a dummy seed (one holding no radon) was put in to mark the place where the active one was taken out, but this was not always a success.
As control experiments dummy seeds were put into the liver for times ranging from a few hours to ten days; apparently these had very little effect on the surrounding tissue.
The first series of experiments on the liver with 1 mc. seeds showed a gradual increase in the area affected, as the exposures were lengthened from half an hour to ten days; this could be seen with the naked eye. Microscopically, the inost striking feature was the sharp line of demarcation between the damaged and healthy-looking cells; there was, however, a small intermediate region, and reference is made to this later.
One of the chief points of interest was whether this abrupt transition was dependent on the intensity of the radiation or on the energy absorbed.
A section of liver which had been exposed to a 1 mc. seed for two hours was chosen as a fair specimen to work upon. A transverse section across the middle of the seed showed that the sharp dividing line began just under 1 mm. away; beyond this distance the liver cells appeared to be very little affected by the radiation, judged by their staining properties. The question was, had these cells been able to preserve their equilibrium because the intensity of the radiation (owing to distance and absorption) had fallen, or was it due merely to the smaller dose (i.e. energy absorbed) ? To test this point a 1 mc. seed at full strength was put in a rat's liver for two hours and a section taken forty-eight hours afterwards. Russ and Scott This seed was kept until its intensity had dropped to about 10 per cent. of its original value and then used again; this time it was left in for 22i hours, so that the actual dose of irradiation was the same as in the original two-hour experiment. This was calculated from 11 (ie-AT) = X I t; (I and I1 are the strong and weak intensities).
Later on the same seed was used when it had fallen to 2 per cent. of its initial strength, the length of exposure being prolonged proportionately. After this the seed was used again when its intensity had fallen to about one per cent. of its original value; this time it was left in for thirty days, making the dose still equivalent to the original two hours. All the sections were taken forty-eight hours after the end of the exposures.
The range of damage varied very little in the first three experiments, but when the strength of the seed had fallen to 0 -01 m.curie, the zone was appreciably smaller, although the cells were given the same actual physical dose. Calculation shows that if the intensity of the radiation received by a region the size of the nucleus of the cell falls below the rate of about one beta particle per second, the tissue is apparently undamaged. Provided this intensity is exceeded, the effect on the cells depends on the quantity of energy absorbed. Measurements of the destroyed areas of the livers exposed to 1 mc. seeds for half an hour, four hours, etc., showed that up to about eight hours the zone of destruction was proportionate to the actual dose, but this did not hold for the long exposures.
The experiments with tumours were carried out in the same way, but it was much more difficult to get satisfactory specimens; a rapidly-growing tumour had to be used in order to obtain uniformity in the tumour, which often made it very difficult to find the seed without damaging the surrounding tissue. By experimenting with a large number of tumours, it was possible to see that the effect was practically the same as on the liver; a fairly sharp line divided the damaged from the apparently healthy cells, and the size of this damaged area depended on the actual dose and not on the intensity of the radiation.
MICROSCOPIC OBSERVATIONS.
Another striking feature in addition to the sharp line of demarcation between the damaged and the apparently healthy cells is the diminished effect which the radiation has on the cells directly round blood-vessels. Cells so situated appear well stained while others at the same distance from the seed are severely damaged. This effect can be seen in practically all the sections.
The conclusion seems justified that liver cells near blood-vessels are not so easily damaged by radiation as others; if this holds for human cells, it would certainly be an argument for reducing the blood-supply of tumours when possible during therapeutic exposures to X-rays or radium.
The demarcation line between severely damaged and normally stained cells in some cases is not so sharp, and there seems to be a zone of cells somewhat affected by the radiation.
Professor McIntosh has been good enough to look at some sections and give his opinion as to where the dividing lines should be drawn. Taking a specimen of liver which has been irradiated by a 1 mc. seed for ten days, he suggests the following divisions:- 2. Width of zone between surviving leucocytes, fibroblasts and first suirviving liver cells ... 0-2 mm.
3. Width of zone between partially destroyed liver cells and complete survival ...
... 0-3 mm.
From these figures it will be seen that there is a distance of 0-5 mm. between the "complete destruction " zone and the edge of the "complete survival" area. The dose of radiation would be reduced by the increased distance and by the absorption These are both easily measurable. By the distance factor the radiation would be reduced to 77 per cent., and by absorption to 83 per cent., so that the dose actually received by the ' completely surviving cells" would be not more than 64 per cent of that received by the "completely destroyed" ones, 0 5 mm. nearer the seed.
It is difficult to get such accurate measurements with the tumours owing to the difficulties before mentioned, but from the general similarity of the size of the zones of destruction in the liver and tumour, it is probable that a similar ratio holds good for the tumour. Previous experiments on lethal doses with beta, gamma and X-rays have shown that although 25 per cent. to 30 per cent less than a lethal dose does not kill the tumour cells, their subsequent growth is very much slower.
CONCLUSIONS.
(1) Limited regions of destruction are caused by inserting radon "seeds " into tumours and livers of rats.
(2) The extent of the damage depends much more on the amount of energy absorbed than on the actual intensity of radiation.
(3) Cells around blood-vessels appear to be protected to some extent from the damaging effects of the radiation.
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With regard to the second paper. Seed implantation had been introduced by Stevenson and Joly of Dublin, but, after their original papers, very little had been published by them. The work was carried on by Janeway, in America, and by Burroughs, in Manchester. Regaud, in Paris, also tried it. It was soon found, however, that so much sloughing was caused that the results were not satisfactory. Regaud began the use of seeds or needles covered with a platinum filter, which at first was 0 3 mm. and was then increased to 0 4 mm. and 0 5 mm.; he found that very much better results were obtained with these filtered foci. In Amnerica, also, they seemed to have given up the use of unfiltered seeds-the Mayo Clinic, for example, were using a gold filter of 0 * 5 mm. He thought that the experiments outlined in the paper would be of more value to the clinician if performed with filtered seeds. He hoped, therefore, that Professor Russ would carry out a new series, using filters.
